The water requirements of the pasture sward using the Penman-Monteith method (FAO--56), which is seldom applied in Poland, was assessed. The reference crop evapotranspiration ET o from a hypothetical grass crop with an assumed crop height of 0.12 m, a fixed surface resistance of 70 s·m -1 and an albedo of 0.23, was used. These assumptions are similar under conditions of ruminant grazing. ET o was computed by using meteorological data from 43 weather stations. The crop evapotranspiration ET c is the product of ET o , and single crop coefficient K c . The differences between precipitation and ET o and ET c (climatic water balances) were determined for mountain pastures. The results were summarised form of a table and maps of isohyets and isolines elaborated by applying the Geographic Information System techniques (Arc View 9) with the data interpolated by the geostatic method (Kriging).
INTRODUCTION
The Carpathians is one of the most extensive mountain ranges of Europe stretching from Austria to Serbia. The Polish Carpathians cover an area of approx. 20,000 km 2 and they are almost 300 km long (in W-E direction) and 50-100 km wide (in N-S direction)-between 49°45' N, 18°38' E and 49°18' N, 22°20' E). In the west the area borders on the Czech Republic, in the south on Slovakia and partly on Ukraine and in the east on Ukraine. The northern border is estimated to be at approx. 50° N. The Polish Carpathians are placed in the hypsometric range, starting from 300 m above sea level rising to almost 2500 m a.s.l. (the Rysy peak), in this mountain range forest and grassland prevails, meadows and pastures dominate on sites above an altitude of 550-600 m a.s.l. And with the increase of an elevation the patterns of agricultural land use changes. In the recent years arable land area has DOI: 10.2478/v10025-012-0017-9 decreased of almost 40% and grasslands has increased of about 73% (TWARDY, 2008) . Generally this is a favourable phenomenon, because in this way soil erosion is limited and soil-water environment is protected. The rearing of ruminants here is based on the utilization of large areas of permanent grassland as the main source of fodder.
However, in the mountain regions more consideration will be given to nonproductive roles, particularly in reference to high nature value (NNV) farming, erosion control, and aesthetic as well as landscape function. For pasture utilization we can distinguish the grass association of Lolio-Cynosuretum, which occurs in the whole area of the Carpathians. The remaining meadow-pasture groups (for example Heracio-Nardetum or Nardetum Carpaticum) have marginal economic importance because of very low yields and poor chemical and botanical composition of the swards.
Since the 25 percent of the Upper Vistula River basin (50,732 km 2 ) is located in the Polish Carpathians, this river is a natural source of water for municipalities, industry and agriculture (DYNOWSKA and MACIEJEWSKI, 1991) Therefore, in considering the water supply of a river basin water consumed by natural vegetation becomes of increasing importance.
Studies conducted by ITP (IMUZ) at the research station Jaworki, at an altitude of 600 m a.s.l. (Małe Pieniny Mts.) showed that during farming of the mountain pastures, water deficits rarely occurred (KUŹNIAR and TWARDY, 2001 ). However, in a view of a great natural, hydrological and economical significance of those areas, and affirmed climatic changes, further studies are needed, by applying more precise methods.
Various methods have been used in the Polish Carpathians to determine the amount of water requirements of by agricultural crops and natural vegetation. The main methods are: lysimeter experiments, field experimental plots and soil moisture studies. However, the accuracy of recordings from small lysimeters is known to be not very high.
Evapotranspitation or consumptive use of water is the sum of two terms; (1) transpiration, which is water entering plant roots and used to build plant tissue or being passed through leaves of the plant into the atmosphere (2) evaporation, which is water evaporating from adjacent soil, water surfaces, or from the surfaces of leaves of the plant. And how temperature, humidity, wind velocity, vapour pressure and solar radiation influence crop water requirements use has been studied by several researches (BAC and ROJEK, 1982; JAWORSKI, 2004.) . While the measurement of precipitation is relatively straightforward and there is a fairly dense network of observing stations in Poland.
However, the measurement of evapotranspiration is difficult undertaking because the rate of evapotranspiration varies greatly with the ease with which water is available to crops. This leads to the concept of potential evapotranspiration, introduced by PENMAN (1948) and THORNTWAITE (1948) and defined as "the amount of water transpired in unit time by a short green crop, completely shading the ground, of uniform height and never short of water". As a results, estimation of reference evapotranspiration in Poland was based on Penman's formula (PENMAN, 1948) , computed from climatic factors of net radiation, temperature, wind and humidity (KĘDZIORA, 1995; ŁABĘDZKI, 1995; MISZTAL, 2000; ROGUSKI et al., 1988) .
The Penman theory and his equation contributed greatly towards the better understanding of the process of evaporation. Because he combined the energy balance with the mass transfer method and derived an equation to compute the evaporation from an open water surface from standard weather records of sunshine, temperature, humidity and wind speed. However, the use of the Penman equation, was limited to calculation of evapotranspiration of well-watered short grass. This led many researches to an attempt to develop the evapotranspiration equation to take into consideration the specific characteristics of crops, soil, soil cover and soil moisture status. This so-called combination method was further developed by many researchers and extended to cropped surfaces by introducing resistance fac- .
where:
ET o − reference evapotranspiration, mm·day The above equation uses standard climatological records of solar radiation (sunshine), air temperature, humidity and wind speed. To ensure the integrity of computations, the weather measurements should be made at 2 m (or converted to that height) above an extensive surface of green grass, shading the ground and not short of water. The program is available in spread sheet versions download from FAO internet site (FAO www.fao.org/nr/water/index.html) which permit for assessment of reference evapotranspiration ET o based on standard daily, 10-day or monthly meteorological data. By using the FAO Penman-Monteith definition for ET o , the crop coefficients can be determined by relating the measured crop evapotranspiration ET c with the calculated ET o , i.e., K c = ET c /ET o .
The effect of both crop transpiration and soil evaporation are integrated into a single crop coefficient K c . For most water balance studies, average crop coefficients are relevant and suitable. Relations between the crop evapotranspiration ET c and reference evapotranspiration ET o were establishes and expresses by the equation:
The following ranges the K c coefficients (depending on growing stage) are recommended by ALLEN et al. The concept of potential evapotranspiration as applied in the climatic water balance of grasslands was first introduced by THORNTHWAITE (1948); THORNTH-WAITE and MATHER (1955), MATHER (1959) . Information on the water surplus, the amount by which the precipitation exceeds the water needs when soil is at field capacity is fundamental in any hydrological studies (MIODUSZEWSKI, 2006) . In Poland it has been used in several modifications, as the difference between precipitation and reference evapotranspiration ET o and evaporation from free water and potential evapotranspiration (BAC and ROJEK, 1982; KASPERSKA-WOŁOWICZ and ŁABĘDZKI, 2006; ŁABĘDZKI, 2006).
In this paper the climatic water balance in the summer season (May-October) was estimated from the following equation:
where: CWB − climatic water balance in given periods, mm; P − precipitation, mm;
ET o − reference evapotranspiration estimated by the Penman-Monteitha (FAO-56) equation, mm.
The positive values of the above balance mean the water surplus, whereas the negative results indicate the water deficiency.
In this work meteorological data from the collection of the Institute of Meteorology and Water Management, from the period of 1990-2005, were used as well as weather observation from the Institute of Technology and Life Sciences at Jaworki Research station (Małe Pieniny, in Pieniny Mts). The observations included average monthly data: daily maximum and minimum air temperatures, T max and T min (°C), air humidity (%), sunshine (h), wind speed u (m·s -l ) and monthly totals of precipitations. The collected meteorological data encompass the terrain of a great spatial-altitude diversification -from the weather station at the lowest location at Dobczyce 300 m a.s.l. and the highest Zakopane (857 m a.s.l.) and Kasprowy Wierch (1990 m a.s.l.) (Tab. 1). Introduction of the above information to the GIS Arc View 9.0 allowed for visualisation of the climatological station against a background of the map of the Carpathians within the upper Vistula River basin. The results were showed spatially by applying the Ordinary Kriging Global method with application of the Gaussian model. As the result of interpolation analyses, maps in raster forms were obtained. Finally raster maps were converted into isolynes which fulfils criteria of the GIS ArcView environment.
RESULTS AND DISCUSSION
The obtained results of the climatic water balance elements (reference and potential crop evapotranspiration on a monthly basis) were synthesised in the form of table and maps of mean seasonal values (May-October) from the period 1990-2005. The tabular data (Tab. 1) refer to the point values (43 meteorological stations). And maps of isohyets and isolines elaborated by applying the Geographic Information System techniques (Arc View 9) present interpolated data by the geostatic method (Kriging) (Fig. 1, 2, 3) . It allowed for characterization of reference and potential crop evapotranspiration in particular physic-geographic regions of the Polish Carpathians. Hence, the numerical data obtained in an objective parametric manner describe the region consideration in view of precipitation surpluses and deficits.
The spatial distribution of mean reference evapotranspiration ET o in the summer season (Fig. 1 , Tab. 1) shows that it increased from a minimum of 433 mm at Zakopane (Tatra Mts.) to reaching maximum of 538 mm at Bielsko-Biała (Beskid Zachodni Mts. (Fig. 2) .
Seasonal (May-October) totals of the climatic water balances (P -ET o ) are characterized by great spatial differences: they are in a range from 6 to 343 mm and they did not reach negative (deficit) values in the Polish Carpathian.The highest precipitation surpluses (P -ET o ) occur in the peak parts of the Beskid Żywiecki Mts. and in Polish Tatras (Zakopane 342 mm). In the Beskid Wyspowy Mts. precipitation surpluses amounted from 100 to 250 mm and near the Sieniawska Gate above 200 mm. Considerable water surpluses are also in the valleys: e.g. the Sądecka Valley (150-200 mm). In the Bieszczady Mts. the climatic water balance in summer period is in the range 150-300 mm.
It has been found that the equilibrium isoline between precipitation and reference evapotranspitation (P = ET o ) run along the border between the Carpathians and the Valleys. Earlier, results obtained ROJEK (1995) who showed that in analysed region the similar isoline, which designated the border between surplus and deficit areas (in relation to ET o ). According to BAC and ROJEK (1982) the climatic water balance (P -ET o ) in the Carpathins -summer period was in the range between 120 and 210 mm. KOWANETZ (1999) estimated the climatic water balance for summer season (V-X) in the Skawa Raba and Dunajec (the Polish Carpathians). And the water surpluses were from about 700 mm (Tatra and Beskid Ży-wiecki Mts.) to 100-200 mm (the Middle Beskid and Wyspowy Beskid Mts.).
Comparing spatial distribution of (P-ET o ) and (P -ET c ) in the Carpathians estimated by the Penman-Monteith (FOA-56) with the results obtained by other authors (BAC, 1982; KOWANETZ, 1999) it is clear that their negative values are larger and the surpluses in lower parts of the Carpathians are smaller, and they do not reach 150 mm. It means that by applying in the water balance estimation, higher values of reference or crop potential evapotranspiration lead to underestimation of precipitation surpluses, problem on which many years ago drew attention BAC and ROJEK (1979) . Similar situation can be in the case of determination of reference evapotranspiration by the original Penman method which overestimates the values as compared to recommended the Penman-Monteith method (FAO-56).
Analyses of spatial distribution of ET o and P, as well as the climatic water balance (P -ET o ) in the summer period showed a good relationship among these elements and with an elevation above sea level h (Tab. 1). For example the climatic water balance correlated with elevation h (Fig. 4) . In Poland for assessment evapotranspiration, the water balance method is adopted, although possibilities of its applications are limited to include an average value which is highly insufficient. Moreover, there is a risk of inadequate accuracy of precipitation measurements, which in a principal way influence the results of evaporation estimated by the hydrological equation.
P -ET
Until now the FAO-56 Penmana-Monteith method has not been applied in the Polish Carpathians for evaluation of evapotranspiration of grasslands and pasture. It has resulted from the fact that these evaporation issues in the mountain and foothill areas are poorly distinguished, as compared with the remaining part of Poland. Furthermore, in relation to the previous calculation formulae, which were applied in the study area, the method makes up a successive stage in gathering data of the components of climatic water balance. An advantage of this method is the possibility of calculating the reference evapotranspiration using standard measurements originating from a meteorological station.
Studies have shown that the FAO-56 Penman-Monteith method which was applied in the Polish Carpathians facilitated computation in a reliable way, refer- The maps of isohyets and isolines which were drew out can be used for an approximate evaluation of the water balance components, particularly in situations when there is a lack of direct measurements. Linear relationship between elevation above sea level and analysed climatic water balance components (May-October) were significant (R 2 > 0.7). This relation can be applied for assessment of mean values of (ET o or ET c -rainfall relationship) in the Carpathians when there is lack of weather observations. It also can be used in cartography and classification of climates. W okresie półrocza letniego najmniejszymi wartościami ewapotranspiracji wskaźnikowej odznaczają się północne stoki Tatr (Zakopane -433 mm). Region Beskidu Zachodniego charakteryzuje się mniejszymi średnimi sumami ewapotranspiracji wskaźnikowej, wynoszącymi w okresie letnim od około 440 mm w Beskidzie Śląskim do 460 mm w Beskidzie Sądeckim. W Bieszczadach ET o w omawianym okresie letnim mieści się w zakresie od 460 do 480 mm. Półrocze letnie charakteryzuje się dużym zróżnicowaniem przestrzennym średnich sum klimatycznego bilansu wodnego (P -ET o ). Najwyższe nadmiary opadów (P -ET o ) występują w partiach szczytowych Beskidu Żywieckiego (400 mm) oraz Tatr Polskich -ponad 700 mm. Linia równowagi opadów atmosferycznych i ewapotranspiracji wskaźnikowej (P = ET o ) przebiega wzdłuż granicy między Karpatami a Kotlinami Podkarpackimi. W Beskidzie Wyspowym notowane są nadmiary opadów od 100 do 250 m. Kotliny śródgórskie charakteryzują się również znacznymi nadwyżkami opadów: Kotlina Żywiecka -300 mm, Orawsko-Nowotarska -poniżej 200 mm, Sądecka -150-200 mm i Doły Jasielsko-Sanockie -0-100 mm. W Bieszczadach wskaźnik (P-ET o ) wynosi od 150 do 300 mm.
